In order to improve indoor environment, new technologies for air purifying is needed to overcome the drawbacks of current air cleaners in the market. The combination of adsorption and photocatalysis is definitely a competitive and applicable way of air cleaning. The adsorbents could concentrate the pollutants around TiO2 to facilitate the photocatalytic reaction, while the photocatalytic oxidation serves as a regeneration way of the adsorbents. This study developed a hybrid material of graphene aerogels and titanium dioxide, which is named functionalized graphene. It is designed to be the key materials in an air cleaner. XRD, SEM, BET had been used to investigate its structural properties.
Introduction
Air pollution is currently one of the most serious environmental problems in China. As haze weather appears in an increasing number of cities and the duration of smog days increases as well. Besides outdoor air pollution, indoor air pollution has also attracted a lot of concentrations as human living standard's improvement. Indoor air quality is affected not only by the outdoor environment but also by the pollutants released by the building and its decoration materials. Methanol, methylbenzene, ammonia, and other VOCs (Volatile Organic Compounds), as well as Radon are among the major indoor gas pollutants. These gases are harmful to our health and can even cause diseases like leukemia, lung cancer and plastic anemia. It is enumerated that modern people spend up to 80% of their time being in the house. Thus, the indoor environmental quality requires much more attention.
Currently, most of the air cleaners in the markets are using filtering and adsorption to remove pollutants and the mostly used materials in theses purifiers are HEPA (High Efficiency Particulate Air Filter) and activated carbon. However, this kind of cleaning method is limited by the adsorption saturation and the needed regular replacement of the filter cartridge. The application of photocatalysis in air cleaning is one of the research highlights. Since Fujishima and Honda firstly reported the success of decomposing H2O into H2 using TiO2 as photocatalyst, studies on TiO2 nano-materials had sprung up. Researchers have found its values in a wide range of fields such as wastewater treatment, gas purification, solar energy conversion, antibiosis and deodorization.
As chemical reaction kinetics indicates, the rates of photodestruction of organic substances of target is determined by its concentration. Therefore, a combination of adsorbent and TiO2 could be a great way to enhance the efficiency of an air cleaner. The adsorbent makes a high concentration environment of target organic compounds around TiO2 by adsorption thus enhance the rate of photooxidation. On the other hand, since the organic compounds are finally oxidized to CO2, the high adsorbability of the adsorbent for organic substances could be maintained for a longer time. Hiroshi and Tsukasa [1] investigated the effect of adsorbents on the enhancement of the rate of photodegradation of organic substances and found that the hybrid of adsorbents and photocatalysts can actually enhance the rate of photooxidization. But the kinds of adsorbent which gives the highest activity are different depending on the kind of organic substances of target. Liuying Li [2] compared some kinds of supports for TiO2, including ordinary glass, activated carbon particles and activated carbon fiber (ACF). It has been found that the removal rates of methanol are all above 90% when the concentration of methanol is below 18mg/m3 and that the photodegradation is mostly enhanced when using ACF as support.
Hence, finding an appropriate adsorbent with large adsorption capacity as the support for TiO2 may improve materials' performance. Han Hu, et al. [3] have developed the ultralight and highly compressible graphene aerogels and its porosity can be as high as 99.7-99.8%. Haiyan Sun, et al. [4] synthesized macroscopic, multiform (1D, 2D and 3D), ultralight all-carbon aerogels with controlled density from giant graphene sheets and CNTs ribs. We were enlightened that this material may have the potential in air purifying. Herein, we focuses on preparing such porous graphene aerogels and its hybrid with TiO2 and the objective of this study is to develop a novel material for air cleaner filter.
Methods
A modified Hummers' Method is used in preparing graphite oxide [5] . Here is the experimental protocol: 5g graphite powder, 2.5g sodium nitrate and 100mL concentrated sulfuric acid was added into a beaker and stirred for 2h with ice bath. 15g KMnO4 was slowly added, keeping the system from exceeding 20°C. Subsequently heated the system to 35°C and maintained for 1h. As the reaction progressed, the mixture gradually thickened. And then 230 mL deionized water was slowly added. The system was then heated to 98°C and maintained for 30 min. Next, 500 mL deionized water and 5mL H2O2 (30 wt. %) was added. The mixture in the beaker turned from black to yellow. After several times of centrifugation and washing to remove residual salts from the suspension, the wet graphitic oxide was dried at 60°C for 48h. Eventually, we got the desired graphitic oxide (GO).
The graphite oxide suspension was sonicated (40 kHz, 100W) for 1h to get graphene oxide suspension. In order to get functionalized graphene, ethylenediamine (EDA) is used as a reducing and functionalizing agent. 200μL ethylenediamine was added into 50mL graphene oxide dispersion in a sealed glass vessel after ultrasonication. The dispersion was heated to 95°C for 6h and the graphene hydrogel was developed. Then lyophilized it to get functionalized graphene aerogel (FGA). Heating FGA with microwaves, we could get ultralight graphene aerogel (ULGA). Han Hu, et al. [6] investigated the role of microwave absorption on formation of graphene from graphite oxide and demonstrated that the microwave response of GO strongly depends on its structure, which can be tailored from a large π-π conjugated region to polyaromatic islands by controlling the degree of oxidation. However, the produced FGA is combustible and even being under MWI for a few seconds could cause it burn. Therefore, the microwave irradiation process has to be under the protection of inert gas, for example argon. The composite of that graphene aerogel and TiO2 was prepared by mixing the TiO2 into the graphitic oxide dispersion before ultrasonication in the procedure. We prepared composites with mass ratio 3.0, 1.5, 1.0 of GO to TiO2. Figure 1a and 1b show the X-ray diffraction (XRD) results of the transformation from graphite powder to the final grapheme. The typical peak of graphite powder is around 26° and that of GO is around 11°. No distinct diffraction peak was shown in the XRD pattern of FGA, indicating the reduction of graphene oxide was completed. Figure 2 shows the morphology of the graphene hydrogel (a) and the functionalized grapheme aerogels. From the experimental process, we found that the hydrogel can be easily shaped just by changing the vessel. There exists volume shrinkage during the hydrothermal process, the container has to be bigger than the size of desired product. Therefore, in order to get the product which can be directly used in an air cleaner, we could develop the hydrogel in a model with desired configuration.
Results and discussions

Conclusions
In summary, we developed a novel graphene-TiO2 hybrid material that is potentially useful in air purifying. It could realize simultaneous adsorption and photodegradation of organic pollutants and may be a more efficient than materials currently used in the air cleaner.
